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PHOTOELECTRIC CONVERSION DEVICE
AND IMAGE PICK-UP DEVICE

TECHNICAL FIELD

The present invention relates to a photoelectric conversion
device and an image pick-up device, and particularly to a
photoelectric conversion device and an image pick-up device
including a photoelectric conversion film.

BACKGROUND ART

In a solid-state image sensing element employed in a
CMOS (Complementary Metal Oxide Semiconductor) image
sensor or the like, for example, a photoelectric conversion
portion is provided on a silicon substrate and light should pass
through as far as a substrate surface. When light is incident on
atransistor provided around the photoelectric conversion por-
tion on the silicon substrate, however, an unnecessary current
is generated and image quality may deteriorate.

As a technique for preventing disadvantages caused by
incident light, for example, Japanese Patent Laying-Open No.
2004-140309 (PTL 1) discloses the following solid-state
image sensing element. Namely, a photoelectric conversion
element generating and storing charges at least in accordance
with incident light and a charge transfer portion transferring
signal charges generated and stored by the photoelectric con-
version element are provided on a semiconductor substrate.
Then, on the semiconductor substrate, a transfer electrode for
the charge transfer portion and a light cut-off film including
an opening corresponding to a light reception region of the
photoelectric conversion element are provided, at least with a
gate insulating film being interposed. In addition, a transpar-
ent insulating film is provided in a region on the gate insulat-
ing film corresponding to the light reception region of the
photoelectric conversion element. The light cut-off film is
embedded such that an inner circumferential shape of the
opening thereof extends along an outer circumferential shape
of the transparent insulating film and such that a bottom
surface portion of the opening is in direct contact with the gate
insulating film.

In addition, a plurality of pixel circuits arranged in a plu-
rality of rows and a plurality of columns have conventionally
been provided in an image sensor. Each pixel circuit includes
a photoelectric conversion element outputting a current hav-
ing a value in accordance with a quantity of incident light, a
capacitor, a transfer transistor connected between the photo-
electric conversion element and the capacitor, and an ampli-
fier transistor generating a pixel signal at alevel inaccordance
with a voltage across terminals of the capacitor.

A scheme forreading a pixel signal includes an XY address
reading scheme for successively reading a plurality of pixel
signals generated by a plurality of pixel circuits for each row
while all pixel circuits are exposed to light and a global shutter
scheme for successively reading a plurality of pixel signals
generated by a plurality of pixel circuits for each row after all
pixels circuits are collectively exposed to light for a pre-
scribed period of time (see, for example, Japanese Patent
Laying-Open No. 2008-42714 (PTL 2)).

Further, for example, Japanese Patent Laying-Open No.
2006-211630 (PTL 3) discloses the following configuration
as a solid-state image sensing element employed fora CMOS
image sensor. Namely, a pixel array portion in which pixels
are diagonally aligned and an odd-numbered-row vertical
signal line group is wired for each column of pixels in an
odd-numbered row in the pixel alignment and an even-num-
bered-row vertical signal line group is wired for each column
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of pixels in an even-numbered row, row selection means for
separately selecting an odd-numbered row in the pixel align-
ment above and selecting an even-numbered row therein, an
odd-numbered-row column processing circuit group con-
nected to the odd-numbered-row vertical signal line group
and adding signals of pixels between columns, an even-num-
bered-row column processing circuit group connected to the
even-numbered-row vertical signal line group and adding
signals of pixels between columns, and column selection
means for selecting each column processing circuit in the
odd-numbered-row column processing circuit group and
each column processing circuit in the even-numbered-row
column processing circuit group are included.

Furthermore, an effective image pick-up portion and an
optically black portion have conventionally been provided in
an image sensor. A plurality of pixels are provided in the
effective image pick-up portion, and each pixel includes a
photodiode and a read circuit reading a photocurrent gener-
ated in the photodiode. The optically black portion is identical
in configuration to the effective image pick-up portion and
provided with a pixel covered with a light cut-off layer. A read
circuit for the pixel in the optically black portion reads a dark
current generated in the photodiode when there is no incident
light. The photocurrent read from the pixel in the effective
image pick-up portion is corrected based on the dark current
read from the pixel in the optically black portion.

In order to eliminate difference in level between the dark
current generated in the pixel in the effective image pick-up
portion not covered with the light cut-off layer and the dark
current generated in the pixel in the optically black portion
covered with the light cut-off layer, a method of making
characteristics of the photodiode in the effective image pick-
up portion different from characteristics of the photodiode in
the optically black portion is available (see, for example,
Japanese Patent Laying-Open No. 6-151806 (PTL 4)).

In addition, an image sensor including a compound semi-
conductor such as Cu(In,,Ga, ,Se, (0=xsl) (hereinafter
denoted as CIGS) has been developed in recent years. In a
conventional first image sensor, a transparent electrode is
formed on a surface of a CIGS thin film and a plurality of pixel
electrodes are formed on a back surface of the CIGS thin film.
When the CIGS thin film is irradiated with light, electron-
hole pairs in an amount in accordance with a quantity of light
are produced. Holes, that is, positive charges, of the electron-
hole pairs produced in the CIGS thin film flow to the read
circuit through the pixel electrode.

In a conventional second image sensor, a CIGS thin film is
etched and separated into a plurality of CIGS layers. A trans-
parent electrode is formed on a surface of each CIGS layer
and a pixel electrode is formed on a back surface of each
CIGS layer (see, for example, Japanese Patent Laying-Open
No. 2007-123721 (PTL 5)).

Moreover, NPL 1, NPL 2 and NPL 4 disclose techniques
for displaying various objects to be measured on a screen.
NPL 3 discloses a spectral characteristics table of a CMOS
image sensor and an image sensor including CIGS.
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SUMMARY OF INVENTION
Technical Problem

In a stack-type solid-state image sensing element in which
a photoelectric conversion film is provided on a silicon sub-
strate with a line layer or the like being interposed as in the
solid-state image sensing element including CIGS, when
light that has not been absorbed by the photoelectric conver-
sion film, the line layer and the like and light passing through
a gap in the photoelectric conversion film, the line layer and
the like enter a transistor provided on the silicon substrate, an
unnecessary current is generated and image quality may dete-
riorate.

In addition, since charges obtained by photoelectric con-
version are generally not much in the solid-state image sens-
ing element, a capacitance for storing charges and extracting
the stored charges as a voltage is required. This capacitance is
obtained, for example, by providing a transistor on a silicon
substrate. Therefore, in a conventional solid-state image sens-
ing element, a space for providing a transistor on the silicon
substrate is necessary and it is difficult to achieve reduction in
size.

PTL 1, however, fails to disclose a configuration for solv-
ing such a problem.

In addition, with the XY address reading scheme disclosed
in PTL 2, since the time to read a pixel signal from a pixel
circuit is different for each row, an image is distorted when an
object moving at high speed is shot.

Meanwhile, with the global shutter scheme, a current leaks
from a photoelectric conversion element through a transfer
transistor to a capacitor during a reading period and a level of
a pixel signal disadvantageously varies.

Therefore, a primary object of the present invention is to
provide a photoelectric conversion device and an image pick-
up device capable of preventing deterioration of image qual-
ity by cutting off light incident on a semiconductor substrate
and achieving reduction in size.

In addition, another object of the present invention is to
provide a photoelectric conversion device capable of realiz-
ing a global shutter scheme.

Solution to Problem

A photoelectric conversion device according to the present
invention includes a semiconductor substrate, an insulating
layer provided on the semiconductor substrate, a first elec-
trode provided on the insulating layer, a photoelectric con-
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version film provided on the first electrode, for converting
received light to charges, a line connected between the first
electrode and the semiconductor substrate, a first planar elec-
trode provided in the insulating layer and connected to the
first electrode, and a second planar electrode provided in the
insulating layer between the first planar electrode and the
semiconductor substrate.

In addition, another photoelectric conversion device
according to the present invention includes a plurality of pixel
circuits arranged in a plurality of rows and a plurality of
columns and a row selection circuit for successively selecting
one row of the plurality of rows during a first period one by
one and successively selecting one row of the plurality of
rows during a second period one by one. Each pixel circuit
includes a photoelectric conversion element for outputting a
current at a value in accordance with a quantity of incident
light, a first capacitor connected between a first node and a
line at a reference voltage, a second capacitor connected
between a second node and the line at the reference voltage, a
first reset circuit resetting the first node to a predetermined
voltage when the first period starts and resetting the second
node to the predetermined voltage when the second period
starts, a switching circuit for connecting an output node of the
photoelectric conversion element and the first node with each
other during the first period and connecting the output node of
the photoelectric conversion element and the second node
with each other during the second period, and a signal gen-
eration circuit activated when the row selection circuit selects
a corresponding row, for generating during the first period a
first pixel signal at a level in accordance with a voltage of the
second node charged with an output current from the photo-
electric conversion element and generating during the second
period a second pixel signal at a level in accordance with a
voltage of the first node charged with an output current from
the photoelectric conversion element. This photoelectric con-
version device further includes a read circuit for reading the
first and second pixel signals generated by the signal genera-
tion circuit in each pixel circuit.

Advantageous Effects of Invention

Since first and second planar electrodes forming a capaci-
tor are provided in the insulating layer under the photoelectric
conversion film in the photoelectric conversion device
according to the present invention, deterioration of image
quality can be prevented by cutting off light incident on a
semiconductor substrate and reduction in size can be
achieved.

Inanother photoelectric conversion device according to the
present invention, a first pixel signal is generated during the
first period based on a voltage of the second capacitor while
an output current from the photoelectric conversion element
is fed to the reset first capacitor and a second pixel signal is
generated during the second period based on a voltage of the
first capacitor while an output current from the photoelectric
conversion element is fed to the reset second capacitor. There-
fore, the global shutter scheme can be realized. In addition,
flow of the output current from the photoelectric conversion
element to the second capacitor during the first period or flow
of the output current from the photoelectric conversion ele-
ment to the first capacitor during the second period can be
prevented, and thus variation in level of the pixel signal can be
prevented.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing a configuration of an
image pick-up device according to Embodiment 1 of the
present invention.
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FIG. 2 is a block diagram showing a configuration of a
photoelectric conversion device shown in FIG. 1.

FIG. 3 is a diagram showing a configuration of a pixel
shown in FIG. 2.

FIG. 4 is a diagram showing a cross-sectional structure of
a main portion of a pixel array shown in FIG. 2.

FIG. 5 is a diagram schematically showing a cross-sec-
tional structure and an operation of the pixel array shown in
FIG. 4.

FIG. 6 is a diagram of the pixel array shown in FIG. 5 when
viewed from above.

FIG. 7 is a diagram showing in detail a cross-sectional
structure of a main portion of the pixel array shown in FIG. 4.

FIG. 8 is a perspective view of the main portion of the pixel
array shown in FIG. 7.

FIG. 9 is a diagram showing an example of a circuit for one
pixel in the pixel array shown in FIG. 2.

FIG. 10 is a block diagram showing an overall configura-
tion of a photoelectric conversion device according to
Embodiment 2 of the present invention.

FIG. 11 is a circuit diagram showing a configuration of a
pixel shown in FIG. 10.

FIG. 12 is a time chart showing an operation of the photo-
electric conversion device shown in FIGS. 10 and 11.

FIG. 13 is a diagram showing a main portion of a pixel
array shown in FIG. 10.

FIG. 14 is a diagram showing a layout of transistors shown
in FIG. 11.

FIG. 15 is a diagram showing a variation of Embodiment 2.

FIG. 16 is a diagram schematically showing a cross-sec-
tional structure and an operation of a pixel array of an image
pick-up device according to Embodiment 3 of the present
invention.

FIG. 17 is a diagram of the pixel array shown in FIG. 16
when viewed from above.

FIG. 18 is a diagram showing relation between a pixel
electrode and a switch in the pixel array shown in FIG. 17.

FIG. 19 is a diagram schematically showing a configura-
tion and an operation of a variation of Embodiment 3.

FIG. 20 is a diagram showing another operation in the
variation shown in FIG. 19.

FIG. 21 is a diagram schematically showing a configura-
tion and an operation of another variation of Embodiment 3.

FIG. 22 is a diagram showing another operation in the
variation shown in FIG. 21.

FIG. 23 is a diagram schematically showing a configura-
tion of yet another variation of Embodiment 3.

FIG. 24 is a diagram schematically showing a configura-
tion of yet another variation of Embodiment 3.

FIG. 25 is a diagram schematically showing a configura-
tion of yet another variation of Embodiment 3.

FIG. 26 is a diagram schematically showing a configura-
tion of yet another variation of Embodiment 3.

FIG. 27 is a diagram schematically showing a configura-
tion of yet another variation of Embodiment 3.

FIG. 28 is a diagram schematically showing a configura-
tion of yet another variation of Embodiment 3.

FIG. 29 is a diagram showing a cross-sectional structure of
a main portion of a pixel array of an image pick-up device
according to Embodiment 4 of the present invention.

FIG. 30 is a diagram schematically showing a cross-sec-
tional structure and an operation of the pixel array shown in
FIG. 29.

FIG. 31 is a diagram showing color arrangement of color
filters for one pixel in the pixel array shown in FIG. 30.

FIG. 32 is a diagram showing transmittance of a color filter
of each of white, yellow and cyan.
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FIG. 33 is a diagram showing transmittance of a color filter
of'each of red, green and blue.

FIG. 34 is a diagram showing spectrum distribution of solar
rays.

FIG. 35 is a diagram showing a variation of color arrange-
ment of color filters for one pixel in an image pick-up device
according to Embodiment 4.

FIG. 36 is a diagram showing interlace processing and
interleave processing in the variation shown in FIG. 35.

FIG. 37 is a diagram showing another variation of color
arrangement of color filters for one pixel in the image pick-up
device according to Embodiment 4.

FIG. 38 is a diagram showing yet another variation of color
arrangement of color filters for one pixel in the image pick-up
device according to Embodiment 4.

FIG. 39 is a plan view showing a configuration of a pixel
array of a photoelectric conversion device according to
Embodiment 5 of the present invention.

FIG. 40 is a cross-sectional view showing a main portion of
a pixel array shown in FIG. 39.

FIG. 41 is a diagram schematically showing a configura-
tion and an operation of the pixel array shown in FIG. 40.

FIG. 42 is a circuit block diagram showing a configuration
of the photoelectric conversion device including the pixel
array shown in FIGS. 39 to 41.

FIG. 43 is a circuit diagram showing a configuration of the
pixel shown in FIG. 42.

FIG. 44 is a cross-sectional view showing a variation of
Embodiment 5.

FIG. 45 is a diagram schematically showing a configura-
tion and an operation of the pixel array shown in FIG. 44.

FIG. 46 is a diagram showing a configuration of a pixel in
a photoelectric conversion device according to Embodiment
6 of the present invention.

FIG. 47 is a diagram showing a circuit configuration of a
differential amplifier shown in FIG. 46.

FIG. 48 is a diagram showing in detail a cross-sectional
structure of a main portion of a pixel array shown in FIG. 47.

FIG. 49 is a diagram showing a circuit configuration of a
differential amplifier according to a variation of Embodiment
6.

FIG. 50 is a diagram showing in detail a cross-sectional
structure of a main portion of a pixel array shown in FIG. 49.

FIG. 51 is a diagram showing a cross-sectional structure of
a main portion of a pixel array of a photoelectric conversion
device according to Embodiment 7 of the present invention.

FIG. 52 is a diagram schematically showing a cross-sec-
tional structure and an operation of the pixel array shown in
FIG. 51.

FIG. 53 is a diagram of the pixel array shown in FIG. 51
when viewed from above.

FIG. 54 is a diagram showing relation between a pixel
electrode and a switch in the photoelectric conversion device
according to Embodiment 7.

FIG. 55 is a graph showing relation between a quantity of
incident light and a read signal level in the photoelectric
conversion device shown in FIG. 54.

FIG. 56 is a graph showing relation between a quantity of
incident light and a pixel signal level in the photoelectric
conversion device shown in FIG. 51.

FIG. 57 is a graph showing other relation between a quan-
tity of incident light and a pixel signal level in the photoelec-
tric conversion device shown in FIG. 51.

FIG. 58 is a diagram of the photoelectric conversion device
shown in FIG. 51 when viewed from above.
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FIG. 59 is adiagram ofa pixel electrode in a variation of the
photoelectric conversion device according to Embodiment 7
when viewed from above.

FIG. 60 is a diagram of a pixel electrode in another varia-
tion of the photoelectric conversion device according to
Embodiment 7 when viewed from above.

FIG. 61 is a diagram showing relation between a pixel
electrode and a switch in a photoelectric conversion device
according to Embodiment 8 of the present invention.

FIG. 62 is a diagram showing switch setting in one pixel
electrode group.

FIG. 63 is a graph showing relation between a quantity of
incident light and a pixel signal level in the photoelectric
conversion device shown in FIG. 61.

FIG. 64 is a graph showing other relation between a quan-
tity of incident light and a pixel signal level in the photoelec-
tric conversion device shown in FIG. 61.

FIG. 65 is a diagram showing another example of switch
setting in one pixel electrode group of the photoelectric con-
version device shown in FIG. 61.

FIG. 66 is a diagram showing another example of switch
setting in one pixel electrode group of the photoelectric con-
version device shown in FIG. 61.

FIG. 67 is a diagram showing a variation of the photoelec-
tric conversion device according to Embodiment 8.

FIG. 68 is a diagram showing another example of setting of
a switch SWK in a pixel electrode group in the variation of the
photoelectric conversion device according to Embodiment 8.

FIG. 69 is a cross-sectional view showing a main portion of
a pixel array of an image sensor according to Embodiment 9
of the present invention.

FIG. 70 is a diagram schematically showing a configura-
tion and an operation of the pixel array shown in FIG. 69.

FIG. 71 is a diagram showing a comparative example of
Embodiment 9.

FIG. 72 is a diagram showing a variation of Embodiment 9.

FIG. 73 is a cross-sectional view showing another variation
of Embodiment 9.

FIG. 74 is a cross-sectional view showing yet another
variation of Embodiment 9.

FIG. 75 is a diagram schematically showing a configura-
tion and an operation of a pixel array shown in FIG. 74.

FIG. 76 is a diagram showing a configuration of an image
pick-up device according to Embodiment 10 of the present
invention.

FIG. 77 is a diagram showing transmittance of a color filter
in the image pick-up device shown in FIG. 76.

FIG. 78 is a flowchart defining an operation procedure
when the image pick-up device shown in FIG. 76 shoots a
subject.

FIG. 79 is a diagram conceptually showing an operation
procedure when the image pick-up device shown in FIG. 76
shoots a subject.

FIG. 80 is a time chart showing an operation procedure
when the image pick-up device shown in FIG. 76 emits light
to a subject.

FIG. 81 is a time chart showing an operation procedure
when the image pick-up device shown in FIG. 76 generates an
image of a subject.

FIG. 82 is a diagram showing optical characteristics of the
image pick-up device shown in FIG. 76.

FIG. 83 is a diagram showing an application wavelength
for medical use.

FIG. 84 is a flowchart defining an operation procedure
when an image pick-up device according to a variation of
Embodiment 10 shoots a subject.
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DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention will be described
hereinafter with reference to the drawings. It is noted that the
same or corresponding elements in the drawings have the
same reference characters allotted and description thereof
will not be repeated.

Embodiment 1

FIG. 1 is a diagram showing a configuration of an image
pick-up device 1 according to Embodiment 1 of the present
invention.

Referring to FIG. 1, image pick-up device 1 includes a lens
2, a photoelectric conversion device 3, an image signal pro-
cessing portion 4, and an image display device 5.

Image pick-up device 1 picks up an image of a subject and
displays the picked-up image on a screen. More specifically,
lens 2 condenses light from the subject on photoelectric con-
version device 3. Photoelectric conversion device 3 converts
light received from lens 2 to a pixel signal which is an electric
signal and outputs the pixel signal to image signal processing
portion 4. Image signal processing portion 4 generates an
image signal by subjecting a pixel signal of each pixel
received from photoelectric conversion device 3 to various
types of signal processing such as interpolation processing,
color processing and correction processing, and outputs the
image signal to image display device 5. Image display device
5 displays an image based on the image signal received from
image signal processing portion 4.

FIG. 2 is a diagram showing a configuration of the photo-
electric conversion device according to Embodiment 1 of the
present invention.

Referring to FIG. 2, photoelectric conversion device 3
includes a pixel array 10, a plurality of load circuits 11, a
plurality of amplifiers Q, a vertical scanning portion 13, a
control unit 14, a horizontal scanning portion 15, a selector
16, and an output portion 17.

Pixel array 10 includes a plurality of pixels P aligned in a
plurality of rows and a plurality of columns. A row and a
column of the plurality of pixels P arranged in rows and
columns are also hereinafter referred to as a pixel row and a
pixel column, respectively.

Pixel array 10 further includes a control signal line CL
provided in correspondence with each pixel row and a signal
line SL provided in correspondence with each pixel column.

One end of each signal line SL is connected to a node for
supplying a ground voltage GND through load circuit 11.
Load circuit 11 has a prescribed resistance value. The other
end of each signal line SL is connected to an input terminal of
amplifier Q.

FIG. 3 is a diagram showing a configuration of pixel P
according to Embodiment 1 of the present invention.

Referring to FIG. 3, pixel P includes a photodiode PD, a
read circuit G, and a switch SWB. A cathode voltage VK is
applied to a cathode of photodiode PD, and an anode voltage
VA is applied to an anode of photodiode PD.

When light a from lens 2 is incident on photodiode PD,
charges in an amount in accordance with the quantity of light
flow to read circuit G. Read circuit G is implemented, for
example, by an amplifier, and it outputs as a signal, a current
IR at a level in accordance with the amount of charges that
flowed in from photodiode PD, to corresponding signal line
SL.
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Switch SWB switches whether to output current IR from
read circuit G to corresponding signal line SL or not, based on
a control signal CNT received through corresponding control
signal line CL.

Signal line SL transmits a signal from read circuit G.
Namely, a voltage level of signal line SL is a product of
current IR from read circuit G and a resistance value of load
circuit 11.

Amplifier Q amplifies a voltage of corresponding signal
line SL. Therefore, an output voltage VD from amplifier Q
varies in accordance with a quantity of light o incident on
photodiode PD.

Referring again to FIG. 2, vertical scanning portion 13
successively selects one of the plurality of pixel rows one by
one based on a vertical scanning signal provided from control
unit 14 and provides control signal CNT to each switch SWB
in that pixel row through control signal line CL in the selected
pixel row. Thus, a current at a level in accordance with the
quantity of incident light is output from each pixel P in the
selected pixel row to corresponding signal line SL and each
signal line SL is charged to a voltage at a level in accordance
with the quantity of incident light. A voltage of each signal
line SL is amplified by amplifier Q and provided to selector
16.

Horizontal scanning portion 15 successively selects each
pixel column one by one while vertical scanning portion 13
selects one pixel row, based on a horizontal scanning signal
provided from control unit 14. Selector 16 selects output
voltage VD from amplifier Q corresponding to the pixel col-
umn selected by horizontal scanning portion 15 and transmits
the voltage to output portion 17.

Output portion 17 generates a pixel signal, that is, a signal
indicating a quantity of light received by pixel P, based on
output voltage VD from amplifier Q provided through selec-
tor 16 and outputs the signal to image signal processing
portion 4 and control unit 14.

FIG. 4 is a diagram showing a cross-sectional structure of
a main portion of pixel array 10 according to Embodiment 1
of the present invention. Referring to FIG. 4, pixel array 10
includes a semiconductor substrate 21, aread circuit layer 22,
a plurality of pixel electrodes EL, a CIGS thin film 23, a CdS
(cadmium sulfide) layer 24, and a transparent electrode 25.

Read circuit layer 22 is formed on a surface of semicon-
ductor substrate 21. Read circuit layer 22 is an insulating
layer and it includes a MOS (Metal Oxide Semiconductor)
transistor, a capacitor, a line, a via hole, and the like.

A plurality of rectangular pixel electrodes EL are arranged
on a surface of read circuit layer 22 at prescribed intervals.
The plurality of pixel electrodes EL are aligned in a plurality
of'rows and a plurality of columns. Each pixel electrode EL is
formed, for example, of Mo (molybdenum).

CIGS thin film 23 is formed to cover the plurality of pixel
electrodes EL and CdS layer 24 and transparent electrode 25
are stacked on a surface of CIGS thin film 23 in this order.
CIGS thin film 23 is a p-type compound semiconductor thin
film and it has a thickness, for example, of 1.7 um. CdS layer
24 is a buffer layer and it has a thickness, for example, of 50
nm. Transparent electrode 25 is a low-resistance n-type ZnO
film, and it has a thickness, for example, of 1 um. Therefore,
CIGS thin film 23 and transparent electrode 25 form a PN
junction.

In other words, transparent electrode 25 is formed on a first
main surface of CIGS thin film 23 serving as a photoelectric
conversion film with CdS layer 24 serving as a buffer layer
being interposed, and the plurality of pixel electrodes EL are
formed on a second main surface of CIGS thin film 23. Each
pixel electrode EL corresponds to pixel P.
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FIG. 5 is a diagram schematically showing a cross-sec-
tional structure and an operation of the pixel array according
to Embodiment 1 of the present invention. FIG. 6 is a diagram
of the pixel array according to Embodiment 1 of the present
invention when viewed from above.

Referring to FIGS. 5 and 6, pixel array 10 further includes
a plurality of switches SWB.

Read circuit G is provided in correspondence with pixel
electrode EL and formed under corresponding pixel electrode
EL in read circuit layer 22 shown in FIG. 4. Namely, read
circuit G is provided on a side of CIGS thin film 23 opposite
to corresponding pixel electrode EL. Thus, photoelectric con-
version device 3 can be made smaller.

During operation, read circuit G applies anode voltage VA,
for example, of 1 V to corresponding pixel electrode EL. In
addition, cathode voltage VK, for example, of 3 V, which is
higher than anode voltage VA, is applied to transparent elec-
trode 25. Thus, a depletion layer is formed between each pixel
electrode EL. and transparent electrode 25, and a region
between each pixel electrode EL and transparent electrode 25
operates as photodiode PD. Pixel electrode EL serves as the
anode of photodiode PD and transparent electrode 25 serves
as the cathode of photodiode PD.

When light a is incident on CIGS thin film 23 from the
outside through transparent electrode 25, electron-hole pairs
in an amount in accordance with the quantity of light are
produced in CIGS thin film 23. Since holes are majority
carriers in CIGS thin film 23, holes, that is, positive charges,
flow into pixel electrode EL in the vicinity. Read circuit G
outputs current IR at a level in accordance with the amount of
charges that flowed in corresponding pixel electrode EL.

Switch SWB is provided in read circuit layer 22 in corre-
spondence with read circuit G, and it has a first terminal
connected to an output terminal of corresponding read circuit
G and a second terminal connected to corresponding signal
line SL.

FIG. 7 is a diagram showing in detail a cross-sectional
structure of a main portion of pixel array 10 according to
Embodiment 1 of the present invention. FIG. 8 is a perspec-
tive view of the main portion of pixel array 10 according to
Embodiment 1 of the present invention.

Referring to FIGS. 7 and 8, pixel array 10 further includes
aline LN, a planar electrode CTM, a planar electrode CBM,
a via hole T, and a MOS transistor TR1.

Line LN, planar electrode CTM, and planar electrode
CBM are formed, for example, of aluminum. Semiconductor
substrate 21 has a main surface MS. Read circuit layer 22 is
provided on main surface MS. CIGS thin film 23 is provided
on main surface MS with read circuit layer 22 being inter-
posed, and it converts received light to charges. Pixel elec-
trode EL is provided on the surface of CIGS thin film 23 and
it receives charges converted by CIGS thin film 23. Line LN
is provided in read circuit layer 22 and it electrically connects
pixel electrode EL and semiconductor substrate 21 with each
other.

Planar electrode CTM is provided in read circuit layer 22
and electrically connected to pixel electrode EL. A plurality
of lines LN and a plurality of planar electrodes CTM are
provided in correspondence with pixel electrodes EL, respec-
tively. Planar electrode CBM is provided in read circuit layer
22 as opposed to planar electrode CTM at a distance there-
from. A capacitance CP is formed between planar electrode
CTM and planar electrode CBM. Capacitance CP is in pro-
portion to an area of a region of planar electrode CTM and
planar electrode CBM opposed to each other.

Planar electrode CBM is provided opposed to main surface
MS of semiconductor substrate 21. For example, planar elec-
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trode CBM and main surface MS are provided substantially in
parallel to each other. In addition, for example, planar elec-
trode CTM and planar electrode CBM are provided substan-
tially in parallel to each other.

Line LN is provided under corresponding pixel electrode
EL and electrically connected to pixel electrode EL through
via hole T.

Planar electrode CTM is provided under line LN and elec-
trically connected to pixel electrode EL through via hole T
and line LN.

Here, a plurality of via holes T are provided in parallel,
between pixel electrode EL and line LN and between line LN
and planar electrode CTM. According to such a configura-
tion, line resistance caused by via hole T can be lowered.

MOS transistor TR1 is provided in a region under planar
electrode CBM in semiconductor substrate 21 and read cir-
cuit layer 22.

Planar electrode CTM is separate for each pixel, whereas
planar electrode CBM extends across a plurality of pixels.
Namely, planar electrode CBM is provided in an integrated
manner, as opposed to each planar electrode CTM at a dis-
tance therefrom. Therefore, an area of planar electrode CTM
defines capacitance CP for storing charges.

Charges photoelectrically converted by CIGS thin film 23
are stored in capacitance CP and stored charges are provided
to MOS transistor TR1 in semiconductor substrate 21 through
line LN.

FIG. 9 is a diagram showing an example of a circuit for one
pixel in pixel array 10 according to Embodiment 1 of the
present invention.

Referring to FIG. 9, pixel P includes photodiode PD, line
LN, planar electrode CTM, planar electrode CBM, read cir-
cuit G, and a MOS transistor TR5. Read circuit G includes
MOS transistors TR1 to TR4.

MOS transistor TR1 has a gate, a drain connected to line
LN, and a source connected to a source of MOS transistor
TR2 and a gate of MOS transistor TR4. MOS transistor TR2
has a gate, a drain connected to a node supplied with a pre-
scribed voltage, for example, a ground voltage, and the source
connected to the source of MOS transistor TR1. MOS tran-
sistor TR4 has the gate connected to the source of MOS
transistor TR1, a drain connected to a node supplied with a
supply voltage, and a source connected to a drain of MOS
transistor TR3. MOS transistor TR3 has a gate supplied with
a bias voltage Vbs, the drain connected to the source of MOS
transistor TR4, and a source connected to a node supplied
with a ground voltage. MOS transistor TR5 has a drain con-
nected to the drain of MOS transistor TR3, a gate, and a
source connected to signal line SL.

MOS transistors TR3 and TR4 constitute a source follower
circuit. Bias voltage Vbs is provided to the gate of MOS
transistor TR3, and thus MOS transistor TR3 operates as a
resistor element. Here, MOS transistor TR3 corresponds to
load circuit 11 described previously, and read circuit G shown
in FIG. 9 outputs as a signal, a voltage at a level in accordance
with the amount of charges that flowed in from photodiode
PD, to corresponding signal line SL. In addition, MOS tran-
sistor TR5 corresponds to switch SWB described previously,
and it switches whether to output a signal from read circuit G
to signal line SL or not.

Control unit 14 provides a control signal to the gates of
MOS transistors TR1, TR4, and TR5, for example, by con-
trolling vertical scanning portion 13, and reads charges from
pixel P.

More specifically, initially, control unit 14 reads a reset
potential. Namely, MOS transistor TRS is turned on. Then, as
MOS transistor TR2 is turned on, charges stored in a gate

10

30

40

45

55

60

12

capacitance of MOS transistor TR4 and a line capacitance
connected to this gate are released. Here, by setting MOS
transistor TR1 to off, charges stored in capacitance CP are
blocked so as not to flow toward MOS transistor TR4.

Then, MOS transistor TR2 is turned off and MOS transistor
TR1 is turned on. Thus, charges stored in capacitance CP flow
to the gate of MOS transistor TR4 and a voltage correspond-
ing to the charges stored in capacitance CP is output to signal
line SL.

Then, MOS transistor TR5 is turned off. In addition, by
turning on MOS transistor TR2, charges stored in the gate
capacitance of MOS transistor TR4 and the line capacitance
connected to this gate are released. Then, MOS transistor TR1
is turned off so that charges are again stored in capacitance CP
and charges stored in capacitance CP are blocked so as not to
flow toward MOS transistor TR4.

In general, in a solid-state image sensing element, a space
for providing a transistor for storing charges obtained by
photoelectric conversion is required in a silicon substrate, and
it is difficult to achieve reduction in size. When light is inci-
dent on this transistor, an unnecessary current is generated
and image quality may deteriorate. In addition, since light
should be incident on a silicon substrate in the solid-state
image sensing element employed in a CMOS image sensor or
the like, it is not preferred to provide a capacitance in a line
layer or the like on the silicon substrate.

In contrast, in a stacked configuration including a CIGS
thin film and the like, it is not necessary to have light enter the
silicon substrate, and therefore a capacitance can be provided
not in the silicon substrate but in the insulating layer, that is,
in the line layer, and thus this capacitance can be formed of a
material the same as that for the line.

Then, the photoelectric conversion device according to
Embodiment 1 of the present invention includes line LN
provided in read circuit layer 22 and electrically connecting
pixel electrode EL and semiconductor substrate 21 with each
other, planar electrode CTM provided in read circuit layer 22
and electrically connected to pixel electrode EL, and planar
electrode CBM provided inread circuit layer 22 as opposed to
planar electrode CTM at a distance therefrom.

Namely, by providing a set of planar electrodes in the
insulating layer and using capacitance CP between the planar
electrodes as the capacitance for storing charges, the need for
forming a capacitance on the semiconductor substrate is
eliminated. As other circuits can be provided in a free space in
the semiconductor substrate thus obtained, reduction in size
can be achieved. In addition, by providing planar electrodes
CTM and CBM in the insulating layer, light incident on the
semiconductor substrate can be cut off.

It is noted that arrangement of line LN, planar electrode
CTM and planar electrode CBM in pixel array 10 in Embodi-
ment 1 of the present invention is not limited to that as shown
in FIGS. 7 and 8. So long as planar electrode CTM and planar
electrode CBM are opposed to each other, a capacitance can
be formed and light incident on semiconductor substrate 21
can be cut off. Moreover, by providing any of planar electrode
CTM and planar electrode CBM as opposed to semiconduc-
tor substrate 21, light incident on semiconductor substrate 21
can further be cut off.

Further, though planar electrode CBM is configured to
extend across a plurality of pixels in the photoelectric con-
version device according to Embodiment 1 of the present
invention, the configuration is not limited as such. Planar
electrode CBM may be configured to be separate for each
pixel.

Furthermore, though pixel array 10 according to Embodi-
ment 1 of the present invention is configured to include a
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CIGS thin film, the configuration is not limited as such. Any
of a photoelectric conversion thin film and a photoelectric
conversion thick film may be employed, and the configuration
may include, for example, a compound semiconductor thin
film, an organic semiconductor thin film, and the like other
than the CIGS thin film. In addition, the present invention is
also applicable to a photosensor, a line sensor and the like,
without limited to the photoelectric conversion device.

Embodiment 2

A photoelectric conversion device according to Embodi-
ment 2 of the present invention includes a pixel array 26 as
shown in FIG. 10. Pixel array 26 includes mxn pixels P11 to
Pmn aligned in m rows and n columns (each of m and n being
an integer not smaller than 2), control signal line groups CL.1
to CLm provided in correspondence with m rows respec-
tively, and signal lines SL.1 to SLn provided in correspon-
dence with n columns respectively. Pixel P is controlled by a
plurality of signals provided through corresponding control
signal line group CL, and it successively outputs to corre-
sponding signal line SL, a pixel current at a level in accor-
dance with a quantity of incident light and a reference current
corresponding to a pixel current in a case where a quantity of
incident light is zero.

One end of each signal line SL is connected to a line of
ground voltage GND through load circuit 11. Load circuit 11
has a prescribed resistance value. The other end of each signal
line SL is connected to an input node of amplifier Q. Ampli-
fier Q amplifies a voltage of corresponding signal line SL.
Signal line SL attains to a voltage as high as a product of an
output current from pixel P in a selected row and in a corre-
sponding column and a resistance value of load circuit 11. A
voltage of signal line SL is amplified by amplifier Q.

In addition, the photoelectric conversion device includes a
vertical scanning portion 27, control unit 14, horizontal scan-
ning portion 15, selector 16, and output portion 17. Vertical
scanning portion 27 operates in accordance with a vertical
scanning signal provided from control unit 14, successively
selects one row of m rows in pixel array 26 one by one, and
provides a plurality of signals to each pixel P in that row
through control signal line group CL in the selected row.
Thus, a current is output to corresponding signal line SL from
each pixel P in the selected row and each signal line SL is
charged to a voltage as high as a product of the output current
from pixel P and a resistance value of load circuit 11. The
voltage of each signal line SL. is amplified by amplifier Q and
provided to selector 16.

Horizontal scanning portion 15 operates in accordance
with a horizontal scanning signal provided from control unit
14 and successively selects one of n columns one by one while
vertical scanning portion 27 selects one row. Selector 16
transmits an output voltage from amplifier Q corresponding
to the column selected by horizontal scanning portion 15 to
output portion 17. Output portion 17 generates an image
signal based on the output voltage from amplifier Q provided
through selector 16. The image signal is provided to the image
display device. An image of a subject for the photoelectric
conversion device is displayed on a screen of the image dis-
play device.

A configuration and an operation of pixel P will now be
described in further detail. As shown in FIG. 11, pixel P11 in
the first row and the first column includes N-channel MOS
transistors 30 to 38, a photodiode 39, and capacitors 40 and
41. A cathode of photodiode 39 receives a first supply voltage
VDD and an anode thereof is connected to a node N1. Pho-
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todiode 39 permits flow of a current at a value in accordance
with a quantity of incident light to node N1.

A drain of transistor 30 receives a second supply voltage
VDR, a gate thereof receives a reset signal RC1, and a source
thereof is connected to node N1. Second supply voltage VDR
is a prescribed voltage lower than first supply voltage VDD
and higher than ground voltage GND.

Capacitor 40 is connected between a node N2 and a line of
ground voltage GND. Capacitor 41 is connected between a
node N3 and a line of ground voltage GND. Transistor 31 is
connected between nodes N1 and N2, and a gate thereof
receives a transfer signal TA1. Transistor 32 is connected
between nodes N1 and N3 and a gate thereof receives a
transfer signal TB1.

Transfer signals TA1 and TB1 are alternately set to the “H”
level in a prescribed cycle. When reset signal RC1 is set to the
“H” level while transfer signal TA1 is at “H”, transistors 30
and 31 are rendered conductive and nodes N1 and N2 are reset
to second supply voltage VDR. When reset signal RC1 is set
to the “L” level while transfer signal TA1 is at the “H” level,
transistor 30 is rendered non-conductive and transistor 31 is
rendered conductive, and capacitor 40 is charged with the
output current from photodiode 39.

When reset signal RC1 is set to the “H” level while transfer
signal TB1 is at the “H” level, transistors 30 and 32 are
rendered conductive and nodes N1 and N3 are reset to second
supply voltage VDR. When reset signal RC1 is set to the “L”
level while transfer signal TB1 is at the “H” level, transistor
30 is rendered non-conductive and transistor 32 is rendered
conductive and capacitor 41 is charged with the output cur-
rent from photodiode 39.

A drain of transistor 33 receives second supply voltage
VDR, a gate thereof receives a reset signal RA1, and a source
thereof is connected to node N2. A drain of transistor 34
receives second supply voltage VDR, a gate thereof receives
a reset signal RB1, and a source thereof is connected to node
N3.

When reset signal RA1 is setto the “H” level while transfer
signal TA1 is at the “L” level, transistor 33 is rendered con-
ductive and node N2 is reset to second supply voltage VDR.
When reset signal RB1 is set to the “H” level while transfer
signal TB1 is at the “L.” level, transistor 34 is rendered con-
ductive and node N3 is reset to second supply voltage VDR.

A drain of transistor 35 receives second supply voltage
VDR and a gate thereof is connected to node N2. A drain of
transistor 37 is connected to a source of transistor 35, a gate
thereof receives a selection signal SA1, and a source thereof
is connected to corresponding signal line SL1. It is noted that
first supply voltage VDD instead of second supply voltage
VDR may be provided to the drain of transistor 35.

When selection signal SA1 is set to the “H” level while
transfer signal TA1 is at the “L.” level before reset signal RA1
is set to the “H” level, transistor 37 is rendered conductive and
a pixel current at a level in accordance with the voltage of
node N2 flows from a line of second supply voltage VDR
through transistors 35 and 37 to corresponding signal line
SL1.

When selection signal SA1 is set to the “H” level while
transfer signal TA1 is at the “L” level after reset signal RA1 is
set to the “H” level, transistor 37 is rendered conductive and
a reference current at a level in accordance with second sup-
ply voltage VDR flows from the line of second supply voltage
VDR through transistors 35 and 37 to corresponding signal
line SL1.

A drain of transistor 36 receives second supply voltage
VDR and a gate thereof is connected to node N3. A drain of
transistor 38 is connected to a source of transistor 36, a gate
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thereof receives a selection signal SB1, and a source thereof
is connected to corresponding signal line SL1. It is noted that
first supply voltage VDD instead of second supply voltage
VDR may be provided to the drain of transistor 35.

When selection signal SB1 is set to the “H” level while
transfer signal TB1 is at the “L.”” level before reset signal RB1
is set to the “H” level, transistor 38 is rendered conductive and
a pixel current at a level in accordance with the voltage of
node N3 flows from the line of second supply voltage VDR
through transistors 36 and 38 to corresponding signal line
SL1.

When selection signal SB1 is set to the “H” level while
transfer signal TB1 is at the “L.” level after reset signal RB1 is
set to the “H” level, transistor 38 is rendered conductive and
a reference current at a level in accordance with second sup-
ply voltage VDR flows from the line of second supply voltage
VDR through transistors 36 and 38 to corresponding signal
line SL1.

Signals RA1, RB1, RC1, TA1, TB1, SA1, and SB1 are
supplied to pixel P11 through corresponding control signal
line group CL1.

Each of other pixels P12 to P1# in the first row is configured
similarly to pixel P11. It is noted that sources of transistors 37
and 38 in pixels P12 to P1# are connected to signal lines SI.2
to SLn respectively.

Pixels P21 to P2# in the second row are configured simi-
larly to pixels P11 to P1# respectively. It is noted that signals
RA2,RB2,RC2, TA2, TB2, SA2, and SB2 are supplied from
control signal line group CL.2 to each of pixels P21 to P2x.

Pixels Pm1 to Pmn in the mth row are configured similarly
to pixels P11 to P1zn respectively. Itis noted that signals RAm,
RBm, RCm, TAm, TBm, SAm, and SBm are supplied from
control signal line group CLm to each of pixels Pm1 to Pmn.

FIG. 12 is a time chart showing a global shutter operation
of this photoelectric conversion device. It is noted that FIG.
12 shows only an operation of pixels P in the first row and the
second row. In FIG. 12, transfer signals TA1 to TAm and
transfer signals TB1 to TBm are alternately set to the “H”
level in a constant cycle. At a certain time t1, transfer signals
TA1 to TAm are caused to fall from the “H” level to the “L”
level and transfer signals TB1 to TBm are caused to rise from
the “L” level to the “H” level. Thus, transistor 31 in each of all
pixels P11 to Pmn is rendered non-conductive and transistor
32 is rendered conductive.

Then, at a time 12, reset signals RC1 to RCm are caused to
riseto the “H” level only for a prescribed period of time. Thus,
transistor 30 in each of all pixels P11 to Pmn is rendered
conductive only for a prescribed period of time and nodes N1
and N3 are reset to second supply voltage VDR. When reset
signals RC1 to RCm are caused to fall to the “L” level, an
output current from photodiode 39 flows into node N3
through transistor 32 in each of all pixels P11 to Pmn and
charging of capacitor 41 is started. Charging of capacitor 41
is continued while transfer signals TB1 to TBm are at the “H”
level.

Then, at a time t3, vertical scanning portion 27 selects
pixels P11 to Plx in the first row, selection signal SA1 is
caused to rise to the “H” level only for a prescribed period of
time, and transistor 37 in each of pixels P11 to P1zis rendered
conductive. Here, node N2 has been charged while transfer
signals TA1to TAm are at the “H” level (t0 to t1) and a voltage
of node N2 has attained to a level in accordance with a
quantity of light incident on photodiode 39 in each pixel P.
Therefore, a pixel current at a value in accordance with the
voltage of node N2 flows from the line of second supply
voltage VDR through transistors 35 and 37 to signal line SL,
and the voltage of signal line SL increases to a level in accor-
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dance with the pixel current. Voltages of signal lines SL1 to
SLn are provided to output portion 17 through amplifiers Q
and selector 16 in FIG. 10.

Then, at a time t4, reset signal RA1 is caused to rise to the
“H” level only for a prescribed period of time, and transistor
33 in each of pixels P11 to P1# is rendered conductive. Thus,
node N2 in each of pixels P11 to P1# is reset to second supply
voltage VDR. Then, at a time t5, selection signal SA1 is
caused to rise to the “H” level only for a prescribed period of
time and transistor 37 in each of pixels P11 to P1# is rendered
conductive. Thus, a reference current at a value in accordance
with the voltage of node N2 (in this case, VR) flows from the
line of second supply voltage VDR through transistors 35 and
37 to signal line SL, and the voltage of signal line SL
increases to a level in accordance with that reference current.
Voltages of signal lines SL1 to SLn are provided to output
portion 17 through amplifiers Q and selector 16 in FIG. 10.

Then, at a time t6, vertical scanning portion 27 selects
pixels P21 to P2# in the second row, selection signal SA2 is
caused to rise to the “H” level only for a prescribed period of
time, and transistor 37 in each of pixels P21 to P2r is rendered
conductive. Here, node N2 has been charged while transfer
signals TA1to TAm are at the “H” level (t0 to t1) and a voltage
of node N2 has attained to a level in accordance with a
quantity of light incident on photodiode 39 in each pixel P.
Therefore, a pixel current at a value in accordance with the
voltage of node N2 flows from the line of second supply
voltage VDR through transistors 35 and 37 to signal line SL,
and the voltage of signal line SL increases to a level in accor-
dance with the pixel current. Voltages of signal lines SL1 to
SLn are provided to output portion 17 through amplifiers Q
and selector 16 in FIG. 10.

Then, at a time t7, reset signal RA2 is caused to rise to the
“H” level only for a prescribed period of time, and transistor
33 in each of pixels P21 to P2z is rendered conductive. Thus,
node N2 in each of pixels P21 to P2z is reset to second supply
voltage VDR. Then, at a time t8, selection signal SA2 is
caused to rise to the “H” level only for a prescribed period of
time and transistor 37 in each of pixels P21 to P2# is rendered
conductive. Thus, a reference current at a value in accordance
with the voltage of node N2 (in this case, VR) flows from the
line of second supply voltage VDR through transistors 35 and
37 to signal line SL, and the voltage of signal line SL
increases to a level in accordance with that reference current.
Voltages of signal lines SL1 to SLn are provided to output
portion 17 through amplifiers Q and selector 16 in FIG. 10.

Similarly hereafter, a pixel current at a level in accordance
with the voltage of node N2 and a reference current at a level
in accordance with second supply voltage VDR are output
from each of pixels P31 to P3n, . . ., and Pm1 to Pmn in the
third to the mth rows to signal line SL, and a voltage of signal
line SL is provided to output portion 17 through amplifiers Q
and selector 16.

Then, at a time 9, transfer signals TA1 to TAm are caused
to rise from the “L”” level to the “H” level and transfer signals
TB1 to TBD are caused to fall from the “H” level to the “L”
level. Thus, transistor 32 in each of all pixels P11 to Pmn is
rendered conductive and transistor 31 is rendered conductive.

Then, at atime t10, reset signals RC1 to RCm are caused to
rise to the “H” level only for a prescribed period of time. Thus,
transistor 30 in each of all pixels P11 to Pmn is rendered
conductive only for a prescribed period of time and nodes N1
and N2 are reset to second supply voltage VDR. When reset
signals RC1 to RCm are caused to fall to the “L” level, an
output current from photodiode 39 flows into node N2
through transistor 31 in each of all pixels P11 to Pmn and
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charging of capacitor 40 is started. Charging of capacitor 40
is continued while transfer signals TA1 to TAm are at the “H”
level.

Then, at a time t11, vertical scanning portion 27 selects
pixels P11 to Plz in the first row, selection signal SB1 is
caused to rise to the “H” level only for a prescribed period of
time, and transistor 38 in each of pixels P11 to P1zis rendered
conductive. Here, node N3 has been charged while transfer
signals TB1to TBm are at the “H” level (t1 to t9) and a voltage
of node N3 has attained to a level in accordance with a
quantity of light incident on photodiode 39 in each pixel
portion P. Therefore, a pixel current at a value in accordance
with the voltage of node N3 flows from the line of second
supply voltage VDR through transistors 36 and 38 to signal
line SL. and the voltage of signal line SL. increases to a level in
accordance with the pixel current. Voltages of signal lines
SL1 to SLn are provided to output portion 17 through ampli-
fiers Q and selector 16 in FIG. 10.

Then, at a time t12, reset signal RB1 is caused to rise to the
“H” level only for a prescribed period of time, and transistor
34 in each of pixels P11 to P1#z is rendered conductive. Thus,
node N3 in each of pixels P11 to P1# is reset to second supply
voltage VDR. Then, at a time t13, selection signal SB1 is
caused to rise to the “H” level only for a prescribed period of
time and transistor 38 in each of pixels P11 to P1# is rendered
conductive. Thus, a reference current at a value in accordance
with the voltage of node N3 (in this case, VR) flows from the
line of second supply voltage VDR through transistors 36 and
38 to signal line SL, and the voltage of signal line SL
increases to a level in accordance with that reference current.
Voltages of signal lines SL.1 to SLn are provided to output
portion 17 through amplifiers Q and selector 16 in FIG. 10.

Then, at a time t14, vertical scanning portion 27 selects
pixels P21 to P2# in the second row, selection signal SB2 is
caused to rise to the “H” level only for a prescribed period of
time, and transistor 38 in each of pixels P21 to P2x is rendered
conductive. Here, node N3 has been charged while transfer
signals TB1to TBm are at the “H” level (t1 to t9) and a voltage
of node N3 has attained to a level in accordance with a
quantity of light incident on photodiode 39 in each pixel P.
Therefore, a pixel current at a value in accordance with the
voltage of node N3 flows from the line of second supply
voltage VDR through transistors 36 and 38 to signal line SL,
and the voltage of signal line SL increases to a level in accor-
dance with the pixel current. Voltages of signal lines SL.1 to
SLn are provided to output portion 17 through amplifiers Q
and selector 16 in FIG. 10.

Then, at a time t15, reset signal RB2 is caused to rise to the
“H” level only for a prescribed period of time, and transistor
34 in each of pixels P21 to P2z is rendered conductive. Thus,
node N3 in each of pixels P21 to P2z is reset to second supply
voltage VDR. Then, at a time t16, selection signal SB2 is
caused to rise to the “H” level only for a prescribed period of
time and transistor 38 in each of pixels P21 to P2z is rendered
conductive. Thus, a reference current at a value in accordance
with the voltage of node N3 (in this case, VR) flows from the
line of second supply voltage VDR through transistors 36 and
38 to signal line SL, and the voltage of signal line SL
increases to a level in accordance with that reference current.
Voltages of signal lines SL.1 to SLn are provided to output
portion 17 through amplifiers Q and selector 16 in FIG. 10.

Similarly hereafter, a pixel current at a level in accordance
with the voltage of node N2 and a reference current at a level
in accordance with second supply voltage VDR are output
from each of pixels P31 to P3r, . . ., and Pm1 to mn in the third
to the mth rows to signal line SL, and a voltage of signal line
SL is provided to output portion 17 through amplifier Q and
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selector 16. Output portion 17 generates an image signal
based on a voltage signal provided through selector 16.

As described above, in this photoelectric conversion
device, during a period in which transfer signal TA1 is at the
“H” level, a current at a level in accordance with a voltage of
node N3 flows through signal line SL. while an output current
from photodiode 39 flows through reset node N2, and during
a period in which transfer signal TB1 is at the “H” level, a
current at a level in accordance with a voltage of node N2
flows through signal line SL. while an output current from
photodiode 39 flows through reset node N3. Therefore, an
output current from photodiode 39 can be prevented from
flowing to node N3 (or N2) during a period in which transfer
signal TA1 (or TB1) is at the “H” level.

FIG. 13(a) is a cross-sectional view showing a main por-
tion of pixel array 26, and FIG. 13(5) is a cross-sectional view
along the line XIIIB-XIIIB in FIG. 13(a). In FIGS. 13(a) and
13(b), pixel array 26 includes a p-type silicon substrate 50. A
read circuit layer 51 is formed on a surface of p-type silicon
substrate 50. Read circuit layer 51 is constituted of N-channel
MOS transistors 30 to 38, capacitors 40 and 41, a line, an
insulating layer, a contact hole, and the like.

A plurality of pixel electrodes 52 are aligned on a surface of
read circuit layer 51 at prescribed intervals, in a plurality of
rows and a plurality of columns. Each pixel electrode 52 is
provided in correspondence with pixel P and formed of Mo in
a quadrangular shape. A CIGS thin film 53 is formed to cover
the plurality of pixel electrodes 52 and a CdS layer 54 and a
transparent electrode 55 are stacked on a surface of CIGS thin
film 53. CIGS is abbreviation of Cu(In,,Ga, ))Se, (0=x<1).

CIGS thin film 53 is a p-type compound semiconductor
thin film and it has a thickness, for example, of 1.7 pm. CdS
layer 54 is a buffer layer formed of an n-type compound
semiconductor thin film and it has a thickness, for example, of
50 nm. Transparent electrode 55 is implemented, for
example, by a ZnO film and it has a thickness, for example, of
1 um. Therefore, CIGS thin film 53 and transparent electrode
55 form a PN junction.

In other words, CIGS thin film 53 serving as a photoelectric
conversion film is divided into a plurality of pixel regions,
transparent electrode 55 is formed on the surface of CIGS thin
film 53 with CdS layer 54 serving as a buffer layer being
interposed, and pixel electrode 52 is formed in each pixel
region on a back surface of CIGS thin film 53. Each pixel
electrode 52 serves as the anode of photodiode 39, and trans-
parent electrode 55 serves as the cathode of photodiode 39.
First supply voltage VDD is applied to transparent electrode
55 and second supply voltage VDR lower than first supply
voltage VDD is applied to each pixel electrode 52.

When light is incident on CIGS thin film 53 from the
outside through transparent electrode 55, electron-hole pairs
in an amount in accordance with the quantity of light are
produced in CIGS thin film 53. Since holes are majority
carriers in CIGS thin film 53, holes, that is, positive charges,
flow into pixel electrode 52 in the vicinity.

FIG. 14 is a diagram showing a layout of transistors 30 to
38 belonging to one pixel P in read circuit layer 51. InFIG. 14,
gates 30g to 38g of respective transistors 30 to 38 are formed
onthe surface of p-type silicon substrate 50. Each of gates 31g
to 38¢g extends in an X direction in FIG. 14, and gate 30g
extends in aY direction in FIG. 14. Gates 37g, 35g, 33g, 31g,
32g, 34g, 36g, and 38g are aligned in this order in the Y
direction at prescribed intervals. Gate 30g is arranged at a
position distant from the center between gates 31g and 32g,
by a prescribed distance in the X direction.

A T-shaped n-type impurity diffusion region 50q is formed
in the surface of p-type silicon substrate 50 such that central
portions of all gates 30g to 38g are connected to one another.
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N-type impurity diffusion region 50a on one sides of gates
30g to 38g serves as the drains of respective transistors 30 to
38. N-type impurity diffusion region 50a on the other sides of
gates 30g to 38g serves as the sources of respective transistors
30 to 38.

The drain of transistor 30 (n-type impurity diffusion region
50a of gate 30g on the right in FIG. 14) is connected to the line
of second supply voltage VDR through a contact hole CHI.
The source of transistor 30 and the drains of transistors 31 and
32 (n-type impurity diffusion region 50a between gates 30gto
32g) are connected to node N1 and the anode of photodiode
39 through a contact hole CH2.

The sources of respective transistors 31 and 33 (n-type
impurity diffusion region 50a between gates 31g and 33g) are
connected to node N2 and capacitor 40 through a contact hole
CH3. The sources of respective transistors 32 and 34 (n-type
impurity diffusion region 50a between gates 32g and 34g) are
connected to node N3 and capacitor 41 through a contact hole
CH4.

The drains of respective transistors 33 and 35 (n-type
impurity diffusion region 50a between gates 33g and 35g) are
connected to the line of second supply voltage VDR through
a contact hole CHS5. The drains of respective transistors 34
and 36 (n-type impurity diffusion region 50a between gates
34g and 36g) are connected to the line of second supply
voltage VDR through a contact hole CH6.

The source of transistor 37 (n-type impurity diffusion
region 30a of gate 37g on an upper side in FIG. 14) is con-
nected to signal line SL through a contact hole CH7. The
source of transistor 38 (n-type impurity diffusion region 50a
of gate 38g on a lower side in FIG. 14) is connected to signal
line SL through a contact hole CHS8. Transistors 30 to 34 are
arranged under pixel electrode 52.

FIG. 15 is a diagram showing a variation of Embodiment 2
and compared with FIG. 14. In FIG. 15, gates 30g to 38g of
respective transistors 30 to 38 are formed on the surface of
p-type silicon substrate 50. Each of gates 30g, 31g, 34g, 35g,
and 38g extends in an X direction in FIG. 15, and each of gates
32g, 33g, 36g, and 37¢ extends in a Y direction in FIG. 15.
Gates 31g, 32¢, and 30g are arranged in a bracket shape, gates
31gto 34g are arranged in a cross shape, gates 33g to 36g are
arranged in a quadrangular shape, and gates 35g to 38g are
arranged in a cross shape.

N-type impurity diffusion region 50q in 8-shape is formed
in the surface of p-type silicon substrate 50 such that central
portions of all gates 30g to 38g are connected to one another.
N-type impurity diffusion region 50a on one sides of gates
30g to 38g serves as drains of respective transistors 30 to 38.

The drain of transistor 30 (n-type impurity diffusion region
50a of gate 30g on a lower side in FIG. 15) is connected to the
line of second supply voltage VDR through contact hole CH1.
The source of transistor 30 and the drains of respective tran-
sistors 31 and 32 (n-type impurity diffusion region 50a
between gates 30g to 32g) are connected to node N1 and the
anode of photodiode 39 through contact hole CH2.

The sources of respective transistors 31 and 33 (n-type
impurity diffusion region 50a between gates 31g and 33g) are
connected to node N2 and capacitor 40 through contact hole
CH3. The sources of respective transistors 32 and 34 (n-type
impurity diffusion region 50a between gates 32g and 34g) are
connected to node N3 and capacitor 41 through contact hole
CH4.

The drains of respective transistors 33 to 36 (n-type impu-
rity diffusion region 50a among gates 33g to 36g) are con-
nected to the line of second supply voltage VDR through
contact hole CHS. The sources of respective transistors 37
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and 38 (n-type impurity diffusion region 50a between gates
37¢ and 38g) are connected to signal line SL through contact
hole CH6. Transistors 30 to 38 are arranged under pixel
electrode 52.

Embodiment 3

An ordinary CMOS image sensor includes, for example, a
plurality of photoelectric conversion elements and a plurality
of'amplifiers provided in correspondence with the respective
photoelectric conversion elements, each for amplifying
charges from a corresponding photoelectric conversion ele-
ment. Then, a good image is obtained even when illuminance
is low, by using an output from each amplifier for generating
a pixel signal in normal condition and using combined out-
puts from the amplifiers for generating a pixel signal when
illuminance is low. Namely, as signals and noises are added
by combining outputs from the amplifiers, the signals are
multiplied and the noise increases by root mean square.
Therefore, an S/N (Signal to Noise) ratio of a pixel signal is
improved. Such a method is adopted also in a CCD (Charge
Coupled Device) image sensor.

Such a method, however, has been disadvantageous in that
an effect of improvement in the S/N ratio of a pixel signal is
low and significant improvement in image quality cannot be
expected because noise is added in each amplifier when illu-
minance is low.

PTL 3, however, does not disclose a configuration for solv-
ing such a problem.

Therefore, an object of present Embodiment 3 is to provide
a photoelectric conversion device and an image pick-up
device capable of achieving significant improvement in
image quality.

FIG. 16 is a diagram schematically showing a cross-sec-
tional structure and an operation of a pixel array 60 according
to Embodiment 3 of the present invention and compared with
FIG. 5. FIG. 17 is a diagram of pixel array 60 according to
Embodiment 3 of the present invention when viewed from
above and compared with FIG. 6.

Referring to FIGS. 16 and 17, pixel array 60 is obtained by
adding a plurality of switches SWA to pixel array 10.

Read circuit G is provided in correspondence with pixel
electrode EL and formed under corresponding pixel electrode
EL inread circuit layer 22. Namely, read circuit G is provided
ona side of CIGS thin film 23 opposite to corresponding pixel
electrode EL. Thus, the photoelectric conversion device can
be made smaller.

During read operation, read circuit G applies anode voltage
VA, for example, of 1 V to corresponding pixel electrode EL.
In addition, cathode voltage VK, for example, of 3V, which is
higher than anode voltage VA, is applied to transparent elec-
trode 25. Thus, a depletion layer is formed between each pixel
electrode EL. and transparent electrode 25, and a region
between each pixel electrode EL and transparent electrode 25
operates as photodiode PD. Pixel electrode EL serves as the
anode of photodiode PD and transparent electrode 25 serves
as the cathode of photodiode PD.

When light a is incident on CIGS thin film 23 from the
outside through transparent electrode 25, electron-hole pairs
in an amount in accordance with the quantity of light are
produced in CIGS thin film 23. Since holes are majority
carriers in CIGS thin film 23, holes, that is, positive charges,
flow into pixel electrode EL in the vicinity. Read circuit G
outputs current IR at a level in accordance with the amount of
charges that flowed in corresponding pixel electrode EL.

As shownin FI1G. 17, switches SWA and SWB are provided
at positions opposed to each other, with corresponding pixel
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electrode EL lying therebetween, in a direction of extension
of CIGS thin film 23. Switch SWA is provided in read circuit
layer 22 and connected between pixel electrodes EL. Switch
SWB is provided in read circuit layer 22 in correspondence
with read circuit G, and it has a first terminal connected to an
output terminal of corresponding read circuit G and a second
terminal connected to corresponding read signal line SL.

FIG. 18 is a diagram showing relation between a pixel
electrode and a switch in the photoelectric conversion device
according to Embodiment 3 of the present invention. FIG. 18
representatively shows some of circuits corresponding to pix-
els ina plurality of rows and a plurality of columns and mainly
illustrates an operation of these circuits.

Referring to FIG. 18, pixel array 60 includes a plurality of
pixel electrodes EL aligned in n rows and n columns. Here,
first, second, . . ., and nth pixel rows are referred to as a pixel
row 1, apixel row 2, . . ., and a pixel row n respectively, and
first, second, . . ., and nth pixel columns are referred to as a
pixel column 1, a pixel column 2, . . . , and a pixel column n
respectively. In one example shown in FIG. 18, n is a natural
number not smaller than 3.

Namely, pixel electrodes EL.11, EL.12, EL.13, E.14, and so
on correspond to pixel row 1, pixel electrodes EL.21, E1.22,
EL23, EL.24, and so on correspond to pixel row 2, and pixel
electrodes ELn1, ELn2, EL.n3, EL.n4, and so on correspond to
pixel row n. In addition, pixel electrodes EL.11, EL.21, ... ,and
ELn1 correspond to pixel column 1, pixel electrodes EL.12,
EL22, ..., and ELn2 correspond to pixel column 2, pixel
electrodes ELL13, EL.23, . . ., and ELn3 correspond to pixel
column 3, and pixel electrodes EL.14, E1.24, . . ., and EL.n4
correspond to pixel column 4 These pixel electrodes corre-
spond to pixel electrode EL described previously.

In correspondence with pixel electrodes EL11, EL12,
EL13, EL14, and so on, pixel electrodes EL.21, E1.22, E1.23,
EL24, and so on, and pixel electrodes ELnl, ELn2, ELn3,
ELn4, and so on, read circuits G11, G12, G13, G14, and so on,
read circuits G21, G22, G23, G24, and so on, and read circuits
Gnl, Gn2, Gn3, Gnd, and so on are provided. These read
circuits correspond to read circuit G described previously.

In correspondence with read circuits G11, G12, G13, G14,
and so on, read circuits G21, G22, G23, G24, and so on, and
read circuits Gnl, Gn2, Gn3, Gn4, and so on, switches
SWB11, SWB12, SWB13, SWB14, and so on, switches
SWB21, SWB22, SWB23, SWB24, and so on, and switches
SWBn1, SWBn2, SWBn3, SWBn4, and so on are provided.
These switches correspond to switch SWB described previ-
ously.

In addition, read signal lines SI.1, SL.2, SL.3, and SL4 are
provided in correspondence with pixel columns 1 to 4 respec-
tively. These signal lines correspond to read signal line SL
described previously.

Amplifiers Q1, Q2, Q3, and Q4 are connected to the other
ends of read signal lines SL.1, SL.2, SL.3, and SL4, respec-
tively. These amplifiers correspond to amplifier Q described
previously.

Switches SWA11, SWA12, and SWA13 are provided in
correspondence with pixel row 1, switches SWA21, SWA22,
and SWA 23 are provided in correspondence with pixel row 2,
and switches SWAn1, SWAn2, and SWAn3 are provided in
correspondence with pixel row n.

Switch SWA11 is connected between pixel electrode EL11
and pixel electrode EL12, switch SWA12 is connected
between pixel electrode ELL12 and pixel electrode EL.13, and
switch SWA13 is connected between pixel electrode ELL13
and pixel electrode EL.14. Switch SWA 21 is connected
between pixel electrode EL.21 and pixel electrode E1.22,
switch SWA22 is connected between pixel electrode EL.22
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and pixel electrode E[.23, and switch SWA23 is connected
between pixel electrode EL.23 and pixel electrode E1.24.
Switch SWAn1 is connected between pixel electrode ELnl
and pixel electrode ELn2, switch SWAn2 is connected
between pixel electrode ELn2 and pixel electrode EL.n3, and
switch SWAn3 is connected between pixel electrode ELn3
and pixel electrode ELn4.

Then, an operation of control unit 14 will be described in
detail. Initially, a case of normal illuminance in which a
quantity of light incident on a photoelectric conversion device
is at a normal level will be described, and then a case of low
illuminance in which a quantity of light incident on a photo-
electric conversion device is lower than a normal level will be
described. Here, control unit 14 detects a quantity of light
incident on a photoelectric conversion device, for example,
based on a pixel signal received from output portion 17, and
switches between an operation in a case of normal illumi-
nance and an operation in a case of low illuminance based on
a result of detection.

[Case of Normal Illuminance]

Vertical scanning portion 13 initially selects pixel row 1
based on a vertical scanning signal provided from control unit
14 and turns on switches SWB11, SWB12, SWB13, and
SWB14 in selected pixel row 1. In addition, vertical scanning
portion 13 turns off each switch SWB corresponding to pixel
rows that have not been selected and turns off also all switches
SWA.

Thus, a current at a level in accordance with a quantity of
light incident on photodiode PD corresponding to pixel elec-
trodes EL11, EL12, E[.13, and FL14 is output from read
circuits G11, G12, G13, and G14 in selected pixel row 1 to
read signal lines SL1, SL2, SL3, and SI.4, and read signal
lines SI.1, SI.2, SI.3, and SI.4 are charged to voltages at levels
in accordance with the quantity of incident light, respectively.
Voltages of read signal lines SL.1, SL.2, SL.3, and SL4 are
amplified by amplifiers Q1 to Q4 respectively and provided to
selector 16.

Then, while vertical scanning portion 13 selects pixel row
1, horizontal scanning portion 15 successively selects one of
pixel columns 1, 2, 3, 4, and so on one by one, based on a
horizontal scanning signal provided from control unit 14.
Selector 16 selects output voltage VD from amplifier Q cor-
responding to the pixel column selected by horizontal scan-
ning portion 15 and transmits the voltage to output portion 17.

Thereafter, vertical scanning portion 13 successively
selects one of pixel row 2 to pixel row n one by one based on
a vertical scanning signal provided from control unit 14 and
horizontal scanning portion 15 successively selects one of
pixel column 1 to pixel column n one by one based on a
horizontal scanning signal provided from control unit 14.
Thus, an operation similar to that for pixel row 1 above is
repeated, and read signals corresponding to all pixels in pixel
array 60 are output to output portion 17.

[Case of Low Illuminance]

A case of low illuminance in which a quantity of light
incident on a photoelectric conversion device is lower than a
normal level will now be described.

Initially, vertical scanning portion 13 selects pixel row 1
based on a vertical scanning signal provided from control unit
14 and turns on every other switch SWA in selected pixel row
1. More specifically, vertical scanning portion 13 turns on
switches SWA11 and SWA13 and turns off switch SWA 12.In
addition, vertical scanning portion 13 turns on every other
switch SWB in selected pixel row 1. More specifically, ver-
tical scanning portion 13 turns on switches SWB11 and
SWB13 and turns off switches SWB12 and SWB14. More-
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over, vertical scanning portion 13 turns off each switch SWA
and each switch SWB corresponding to pixel rows that have
not been selected.

Thus, a current at a level in accordance with the total sum
of a quantity of light incident on photodiode PD correspond-
ing to pixel electrode EL.11 and a quantity of light incident on
photodiode PD corresponding to pixel electrode E1.12 is out-
put from read circuit G11 to read signal line SL.1, and read
signal line SL1 is charged to a voltage at a level in accordance
with the total sum of the quantities of incident light. Further,
a current at a level in accordance with the total sum of a
quantity of light incident on photodiode PD corresponding to
pixel electrode ELL13 and a quantity of light incident on pho-
todiode PD corresponding to pixel electrode EL.14 is output
from read circuit G13 to read signal line SL.3, and read signal
line SL3 is charged to a voltage at a level in accordance with
the total sum of the quantities of incident light. Voltages of
read signal lines SI.1 and SL.3 are amplified by amplifiers Q1
and Q3 respectively and provided to selector 16.

Then, while vertical scanning portion 13 selects pixel row
1, horizontal scanning portion 15 successively selects every
other pixel column one by one based on a horizontal scanning
signal provided from control unit 14. Namely, one of pixel
columns 1, 3, 5, and so on is successively selected. Selector 16
selects output voltage VD from amplifier Q corresponding to
the pixel column selected by horizontal scanning portion 15
and transmits the voltage to output portion 17.

Thereafter, vertical scanning portion 13 successively
selects one of pixel row 2 to pixel row n one by one based on
a vertical scanning signal provided from control unit 14, and
horizontal scanning portion 15 successively selects every
other column from among pixel column 1 to pixel column n
one by one based on a horizontal scanning signal provided
from control unit 14. Thus, an operation similar to that for
pixel row 1 above is repeated. Thus, sensitivity of the photo-
electric conversion device can be improved, because each
pixel electrode EL can be short-circuited by switch SWA and
an area of pixel electrodes for reading charges generated in
CIGS thin film 23 can be increased while illuminance is low.

Though control unit 14 is configured to combine charges
from two pixel electrodes in a case where illuminance is low,
it is not limited as such, and it may be configured to combine
charges from three or more pixel electrodes. For example, in
combining charges from three pixel electrodes, vertical scan-
ning portion 13 turns off every third switch SWA in selected
pixel row 1 based on a horizontal scanning signal provided
from control unit 14. Namely, switches SWA11 and SWA12
are turned on, switch SWA 13 is turned off, switch SWA14
and not-shown switches SWA15 and SWA16 are turned on,
and a not-shown switch SWA17 is turned off. Further, vertical
scanning portion 13 turns on every third switch SWB in
selected pixel row 1. Namely, switch SWB11 is turned on,
switches SWB12 and SWB13 are turned off, switch SWB14
is turned on, and not-shown switches SWB15 and SWB16 are
turned off. Furthermore, vertical scanning portion 13 turns off
each switch SWA and each switch SWB corresponding to
pixel rows that have not been selected.

Then, while vertical scanning portion 13 selects one pixel
row, horizontal scanning portion 15 successively selects
every third pixel column one by one based on a horizontal
scanning signal provided from control unit 14. Namely, one
column of pixels 1, 4, 7, and so on is successively selected.
Selector 16 selects output voltage VD from amplifier Q cor-
responding to the pixel column selected by horizontal scan-
ning portion 15 and transmits the voltage to output portion 17.

A conventional method in which an output from each
amplifier is used for generating a pixel signal in normal con-
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dition and combined outputs from amplifiers are used for
generating a pixel signal when illuminance is low, however,
has been disadvantageous in that an effect of improvement in
the S/N ratio of a pixel signal is low and significant improve-
ment in image quality cannot be expected because noise is
added in each amplifier when illuminance is low.

The photoelectric conversion device according to Embodi-
ment 3 of the present invention, however, includes CIGS thin
film 23 for converting received light to charges, a plurality of
pixel electrodes EL provided on the surface of CIGS thin film
23 and receiving charges converted by CIGS thin film 23, a
plurality of read circuits G provided in correspondence with
pixel electrodes EL respectively and each outputting a read
signal based on charges received by corresponding pixel elec-
trode EL, a plurality of switches SWB provided in correspon-
dence with read circuits G respectively, for switching whether
to output the read signal received from corresponding read
circuit G or not, and switch SWA connected between pixel
electrodes EL.

According to such a configuration, in combining charges
received by pixel electrodes, only a read circuit correspond-
ing to one pixel electrode among the pixel electrodes can be
used. Namely, influence by noise in the read circuit corre-
sponding to each pixel electrode can be suppressed to that
only in a single read circuit. Thus, a voltage transmitted to
output portion 17, that is, a signal component in the read
signal, can be improved as many times as the number of pixel
electrodes to be combined, but a noise component in the read
signal transmitted to output portion 17 can be suppressed to
noise only in a single read circuit. Therefore, the S/N ratio of
the read signal, that is, the S/N ratio of the pixel signal, can
significantly be improved and hence image quality can sig-
nificantly be improved.

FIGS. 19 and 20 are diagrams schematically showing a
configuration of a variation of the photoelectric conversion
device according to Embodiment 3 of the present invention.

Referring to FIGS. 19 and 20, in pixels P arranged in two
rows and two columns, two switches SWA are connected
between respective pairs of pixel electrodes EL. adjacent in
the pixel row. In addition, two other switches SWA are con-
nected between respective pairs of pixel electrodes EL adja-
cent in the pixel column. Then, two read circuits G are pro-
vided in correspondence with the pixel columns respectively.

In a case of normal illuminance, as shown in FIG. 19,
switch SWA connected between pixel electrodes EL adjacent
in the pixel column is turned on, switch SWA connected
between pixel electrodes EL adjacent in the pixel row is
turned off, and each switch SWB is turned on. Thus, charges
received by two pixel electrodes EL are combined to thereby
generate two pixel signals.

In a case of low illuminance, as shown in FIG. 20, switch
SWA connected between pixel electrodes EL adjacent in the
pixel column is turned on, switch SWA connected between
pixel electrodes EL adjacent in the pixel row is turned on, and
any of switches SWB is turned on. Thus, charges from four
pixel electrodes EL are combined to thereby generate one
pixel signal.

FIGS. 21 and 22 are diagrams schematically showing a
configuration of another variation of the photoelectric con-
version device according to Embodiment 3 of the present
invention.

Referring to FIGS. 21 and 22, in pixels P arranged in three
rows and three columns, six switches SWA are connected
between respective pairs of pixel electrodes EL. adjacent in
the pixel row. In addition, six other switches SWA are con-
nected between respective pairs of pixel electrodes EL adja-
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cent in the pixel column. Then, three read circuits G are
provided in correspondence with the pixel columns respec-
tively.

In a case of normal illuminance, as shown in FIG. 21, each
switch SWA connected between pixel electrodes EL adjacent
in the pixel column is turned on, each switch SWA connected
between pixel electrodes EL. adjacent in the pixel row is
turned off, and each switch SWB is turned on. Thus, charges
received by three pixel electrodes EL are combined to thereby
generate three pixel signals.

In a case of low illuminance, as shown in FIG. 22, each
switch SWA connected between pixel electrodes EL adjacent
in the pixel column is turned on, each switch SWA connected
between pixel electrodes EL. adjacent in the pixel row is
turned on, and any of switches SWB is turned on. Thus,
charges from nine pixel electrodes EL are combined to
thereby generate one pixel signal, so that image quality when
illuminance is low can further be improved as compared with
the photoelectric conversion device according to Embodi-
ment 3 of the present invention.

FIG. 23 is a diagram showing a configuration of another
variation of the pixel electrode according to Embodiment 3 of
the present invention.

Referring to FIG. 23, this variation is configured such that
each pixel electrode EL shown in FIGS. 19 and 20 is arranged
obliquely, for example, at an angle of 45 degrees.

FIG. 24 is a diagram showing a configuration of another
variation of the pixel electrode according to Embodiment 3 of
the present invention.

Referring to FIG. 24, two pixel electrodes ELA are
opposed to each other as if each formed a half of a rectangular
frame. In addition, two rectangular pixel electrodes ELB are
provided in a space formed by two pixel electrodes ELLA and
opposed to each other. Two switches SWA are connected
between respective pairs of pixel electrodes ELLA and ELB
opposed to each other.

FIG. 25 is a diagram showing a configuration of another
variation of the pixel electrode according to Embodiment 3 of
the present invention.

Referring to FIG. 25, each pixel electrode EL has a hex-
agonal shape. Three switches SWA are connected between
respective pairs of adjacent pixel electrodes EL.

FIG. 26 is a diagram showing a configuration of another
variation of the pixel electrode according to Embodiment 3 of
the present invention.

Referring to FIG. 26, four pixel electrodes EL A each have
an octagonal shape. In addition, four pixel electrodes ELB
each have a quadrangular shape. Four switches SWA are
connected between respective pairs of adjacent pixel elec-
trodes EL A and ELB.

FIG. 27 is a diagram showing a configuration of another
variation of the pixel electrode according to Embodiment 3 of
the present invention.

Referring to FIG. 27, two pixel electrodes ELA are
opposed to each other as if each formed a half of a circular
frame. In addition, two semicircular pixel electrodes ELB are
provided in a space formed by two pixel electrodes ELLA and
opposed to each other. Two switches SWA are connected
between respective pairs of pixel electrodes ELLA and ELB
opposed to each other.

FIG. 28 is a diagram showing a configuration of another
variation of the pixel electrode according to Embodiment 3 of
the present invention.

Referring to FIG. 28, rectangular pixel electrode ELLA and
rectangular pixel electrode ELB smaller than pixel electrode
ELA are alternately arranged in a direction of a pixel row.

10

20

30

35

40

45

55

26

Though pixel array 60 according to Embodiment 3 of the
present invention is configured to include a CIGS thin film,
the pixel array is not limited as such. Any of a photoelectric
conversion thin film and a photoelectric conversion thick film
may be employed, and a configuration may include, for
example, a compound semiconductor thin film, an organic
semiconductor thin film, and the like other than the CIGS thin
film. In addition, the present invention is also applicable to a
photosensor, a line sensor and the like, without limited to the
photoelectric conversion device.

Moreover, though pixel array 60 according to Embodiment
3 of the present invention is configured to include a plurality
of pixels P aligned in a plurality of rows and a plurality of
columns, the pixel array is not limited as such. The configu-
ration should only be such that pixel array 60 includes two
pixels P, switch SWA is connected between pixel electrodes
EL inthese two pixels P, and control unit 14 selectively carries
out such control as turning on switch SWA, turning on switch
SWB corresponding to any pixel electrode EL of two pixel
electrodes EL. connected to switch SWA, and turning off
switch SWB corresponding to the other pixel electrode EL.
and such control as turning off switch SWA and turning on
switch SWB corresponding to each pixel electrode EL.

Further, though pixel array 60 according to Embodiment 3
of'the present invention is configured such that switch SWA is
connected between pixel electrodes adjacent in a pixel row,
the pixel array is not limited as such. Switch SWA may be
configured to be connected between pixel electrodes adjacent
in a pixel column. In this case, control unit 14 combines
charges from a plurality of pixel electrodes adjacent in a pixel
column when illuminance is low.

Embodiment 4

A solid-state image sensing device adopting a general
single-chip color system includes, for example, an IR cut-off
filter for cutting off near-infrared rays in a near-infrared
region in a wavelength from 700 nm (nanometer) to 1000 nm
and RGB color filters in Bayer arrangement. Then, in normal
condition such as during daytime, the solid-state image sens-
ing device operates as a color camera with the IR cut-off filter
and the RGB color filters being combined, and when illumi-
nance is low such as during night, the solid-state image sens-
ing device operates as a monochrome camera with the IR
cut-off filter being removed from an optical axis.

According to such a configuration, however, an IR cut-off
filter and a mechanical structure for arranging the IR cut-off
filter on the optical axis or removing the same from the optical
axis are required, which leads to increase in manufacturing
cost and increase in size.

PTL 3, however, does not disclose a configuration for solv-
ing such a problem.

Therefore, an object of present Embodiment 4 is to provide
an image pick-up device and a photoelectric conversion
device capable of serving as both of a color camera and a
monochrome camera, avoiding increase in manufacturing
cost, and achieving reduction in size.

FIG. 29 is a diagram showing a cross-sectional structure of
amain portion of a pixel array 61 of the image pick-up device
according to Embodiment 4 of the present invention and
compared with FIG. 4.

Referring to FIG. 29, pixel array 61 includes semiconduc-
tor substrate 21, read circuit layer 22, a plurality of pixel
electrodes EL, CIGS thin film 23, CdS (cadmium sulfide)
layer 24, transparent electrode 25, and a color filter portion
CFU.
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Color filter portion CFU is provided on a side of the surface
of transparent electrode 25, that is, CIGS thin film 23, oppo-
site to pixel electrode EL. Color filter portion CFU includes a
plurality of color filters CF. Color filter CF is provided in
correspondence with each pixel electrode EL.

FIG. 30 is a diagram schematically showing a cross-sec-
tional structure and an operation of pixel array 61 according
to Embodiment 4 of the present invention.

Referring to FIG. 30, read circuit G is provided in corre-
spondence with pixel electrode EL and formed under corre-
sponding pixel electrode EL in read circuit layer 22 shown in
FIG. 29. Namely, read circuit G is provided on a side of CIGS
thin film 23, opposite to corresponding pixel electrode EL.
Thus, the photoelectric conversion device can be made
smaller.

During read operation, read circuit G applies anode voltage
VA, for example, of 1 V to corresponding pixel electrode EL.
In addition, cathode voltage VK, for example, of 3V, which is
higher than anode voltage VA, is applied to transparent elec-
trode 25. Thus, a depletion layer is formed between each pixel
electrode EL. and transparent electrode 25, and a region
between each pixel electrode EL and transparent electrode 25
operates as photodiode PD. Pixel electrode EL serves as the
anode of photodiode PD and transparent electrode 25 serves
as the cathode of photodiode PD.

When light @ is incident on CIGS thin film 23 from the
outside through color filter portion CFU and transparent elec-
trode 25, electron-hole pairs in an amount in accordance with
the quantity of light are produced in CIGS thin film 23. Since
holes are majority carriers in CIGS thin film 23, holes, that is,
positive charges, flow into pixel electrode EL in the vicinity.
Read circuit G outputs current IR at a level in accordance with
the amount of charges that flowed in corresponding pixel
electrode EL.

Switch SWB is provided in read circuit layer 22 in corre-
spondence with read circuit G, and it has a first terminal
connected to an output terminal of corresponding read circuit
G and a second terminal connected to corresponding read
signal line SL.

FIG. 31 is a diagram showing color arrangement of color
filters for one pixel in the image pick-up device according to
Embodiment 4 of the present invention.

Referring to FIG. 31, color filter portion CFU includes
color filters CF of four colors aligned in Bayer arrangement.
Namely, color filter portion CFU includes a color filter CF of
W (white), a color filter CF ofYe (yellow), a color filter CF of
Cy (cyan), and a color filter CF of Bk (black).

Color filter portion CFU is provided with a black color
filter having a transmission characteristic in a near-infrared
region. The black color filter has such a characteristic as
permitting passage of substantially no visible light in a wave-
length from 400 nm to 700 nm but permitting passage of
near-infrared rays.

Here, light passing through color filter portion CFU
includes also mid-infrared rays and far-infrared rays. Since a
wavelength of light photoelectrically converted by CIGS thin
film 23 is substantially not longer than 1300 nm, however, a
read signal output from read circuit G is an electric signal
corresponding to a wavelength component in the near-infra-
red region.

FIG. 32 is a diagram showing transmittance of a color filter
of each of white, yellow and cyan.

Referring to FIG. 32, the color filters of yellow and cyan
allow passage of light of that color in a visible light region,
and also allow passage of light in the near-infrared region. In
addition, the white color filter allows passage of visible light
and near-infrared rays.
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An operation of the image pick-up device according to
Embodiment 4 of the present invention for generating an
image signal will now be described in detail. An overall
configuration of the image pick-up deviceis as described with
reference to FIGS. 1 to 3.

The image pick-up device operates as a color camera hav-
ing the RGB color filters by employing white, yellow and
cyan in normal condition such as during daytime. In addition,
the image pick-up device operates as a monochrome camera
by using white, yellow, cyan, and black while illuminance is
low such as during night.

In the following, W, Ye, Cy, and Bk represent electric
signals obtained as a result of passage and conversion of light
from lens 2 through the respective color filters of white,
yellow, cyan, and black. Namely, they represent read signals
from read circuits G described previously. In addition, R, G
and B re